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Chapter 2

Genetic Disorders of Bilirubin
Metabolism*

FRANK B. JOHNSON

Between 1300 and 1907 Gilbert and co-workers*™*** reported on a mild
jaundice they called simple familial cholemia or chronic simple icterus. Dame-
shek and Singer.** on the basis of careful perusal of these articles, stated that
the familial cholemia of Gilbert et al. was in reality mild-hemolytic jaundice. In
contrast, Dameshek and Singer presented two families with some members hav-
ing chronic mild nonobstructive jaundic:: without hematologic or other laboratory
evidence of hemolysis. Unfortunately, no histologic studies of the liver were in-
cluded in their reports. Meulengracht®? made a noteworthy review of a con-
dition he called ikterus intermittens juvenilis. This entity was characterized by

-ariable but slight jaundice along with lassitude when the jaundice was most
evident. He stated that this was undoubitedly the same disease described by
Gilkert et al. Meulengracht gave a concise summatry of the ob:ervations of other
workers who had made similar descriptions. He cited the histologic observa-
tions of Krarup and Roholm.** Welin.* and Alwall.? ‘These authors found evi-
dence of neither inflammatory disease nor cirrhusis. In some instances there was
slight fatty infiltration of the liver.

It was Meulengracht’s vivid description of the clinical features of his cases of
mild fluctuating jaundice in voung people (more jaundiced than sick) that came
to mind while I was reviewing. with Dubin, a series of liver biupsy specimens

-showing unusual pigmentation. We had the opportunity of studying liver tissue

and clinical recoras of 12 cases that formed a distinct clinicopathologic entity we
called chronic idiopathic jaundice. The usual clinical featires were chronic or
intermittent jaundice. along with abdominal discomfert. fatigue. dark urine,
and possible liver enlargement. The liver specimens all showed censpicuous
dark granular pigment with centrilobular disteibution. Our preliminary observa-
tions** *° wer~ reported as abstracts for oral presentation. Four of our 12 cases
were those of Sprinz and Nelson. There was much friendly exchange of ideas
and information between Dubin and Sprinz. so it was agreed that our definitive
report®? would be published simultaneously with that of Sprinz and Nelson.??

* Armed Forces Institute of Pathelogy, Washington, D. €. ‘Th» opinions o7 asse.tions contained
herein yre the private vieos of the author and nre not to be construed as official or s refic... g the
views of the Department of the Army of e Depzriment of Defence.
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Genetic Disorders of Bilirubin Metaha'ism 13

Rggrét'.nb}_v, many neglect. the important contributions of these workers when
eponymic designation of the clinicopathologic ety is made
My task % not only to discuss-chronic-idiopathic jaundice but to-deal with
three other ontities that share the features of familial disorders of bilirubin
metabolisti in the absence of hemolytic disease-or obstruction of bile passay s.
The four conditions are fairly weli defined, but there are nevertheless individual
cases that defy attempts at precise assignment.
GILBERT'S DISE.ASE
Mention has-alz 'dy beait made-of the veports of Gilbert et al.37-%-early-in
the 20th century.] realize that these early papers may have included more than -
otie-entity. Modern- technical.procedures and- increased-knowlédge of bilivubia
-metabolism enable.us to separatéa grouy; of Lase; of what is. commnnlv known as-
G lbert's syndrome: The- subjéct -has l)u:n reviewed by Arias* and Billing,
Wi illiams, and:Richards.'* The:jiatients suffer:from-mild:jaundice an may: h-w :
abidominal dx.-,comfort malaiséz:and ji:;USez\;jSt‘ ies of liver-function generally
vield-niormal results, and-levels=of gl ) ransferase were-originally re:
-garded as-nurtnall Most ol=the-€lévation-of- bxlx_x;ubm in-the serum is-of-the u#:
conjugated-variéety. There is:no bile-in the urine. Light microscopy-discloses-no.
-significant_abnozmality in_livérstructure. A report of Arias-aid -Londoen™ indi- -
cated-the possxbxht\' ofa deﬁuencv in-glucuronyl- transferase, g-mgcros()n)al en-
zyme, in-Gilhert’s -aisease. This-has-been_confirmed -repeatedly* '* ¢ SchafT.
Lapis and -Saftaiy 7 have:shown:interesting changes in mitoche ndria-and a de-
crease in-the rough- mduplasmxc “feticulum, along with an in fease in smooth
endoplasinic -teticuluin. Conrad:. Crosby. and ‘Howie** reported-a group-of 20
- patients with-hereditary no'\spherocvm, hemolytic disease With shortened suf-
vival-of red cells. The laboratory-findings in the-individuals were ctherwise typi-
-cal-of those in Gilbert's disease. Survival of rcd cells has been-investigated in
“too few cases. T

- ROTOR’S DISEASE
‘In 1948 Rotor, Manahaii..and Florentin®* reported cases-with. the familial
“oeeirrence of mxld fluctuating jaunidice along: with abdominal Hain and elevatéd
conjuy ated: hthbm In «ml\' a single subjectwas a “biopsy nnde. This was a 19-
~year-alJ girl \\hme liver-appéarez.normal on histologic examination. Following
this there were a few additional reports of similar cases. The first 8-of these -
were teviewed by Porush, Delm'm. and Feuer.** who added another case. The -
wsual featutes of what has been- called -Rotor's syvndrome are mild and oc- :
casionally fluctuating: f'\mnlnl jaundice, ‘beginning in childhoed. sometimes
‘with fatigabilitg or: ‘cpigastric;pain-and an- e'm'atl(m in serum. lnhrubm. princi-
pally. of the- con_;mmed variety. “The general range of bilirubis is-from 2 to 20 :
mg. per 100.ml. There may be pmkmgcd retention of- Bmmsulphalcm but other
h\'cr function tesis -are often not noteworthy. Thes re is zenerally foentgen
visualization-of:ihe-gallbladder- by orel cholecys m;,nphy The liver character-
istically- shows nio histologic abnormality.?! :

“The underlying snechanism-cf lhl\ disease h'x-. hcen xhou;,hl to be a deficiencey

-
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in the ability of the liver to exc.ete conjugated bilirubin. Dollinger. Brandborg.
Sartor, and Bernstein®® have calleu attention to the possibility that there
might be an-additional: facter, a hemolytic disorder as manifested by shortened
red cell survival in the absence of other laboratory findings of a hemolytic
process.

CHRONIC IDIOPATHIC JAUNDICE

In 1954 Dubiq and I*¢ and Sprinz and Nelson® cailed attention to the pre-
viously mentioned clinicopathologic entity that Dubin and 1 have called chronic
idiopathic jaundice. A more comprehersive review was made by Dubin®® in
1958. ‘The clinical symptoms are simila; to those of Gilbert's and Rotor's
diseases. They include fluctuating jaundice. tpgastric distress, and fatig-
ability. Thezliver may be enlarged. The accompanying elevation of bilirubin in
the=range-of 15 to 6 myg per 100 ml. is -principally of the conjugated variety.
Othier outstanding Hfeatures-of-chronic idiopathic-jaundice-that tend to distin-
guish_ it from the-Gilbert -and Rotor forms are dark urine. failure of gallbladder
visualization-on-cholecystogiaphy: and conspicuous. dark. brown, iron-free pig-
ment in ceiitrilobular hepatic cells:(Fig. 1. A< in-our original description. the
pigment remains unidentified. Dubin stressea catabelic producets of hemo-
globin such-as the mesobilifuscins as-possible precursors. I favored the concept
that the pigment-was derived from oxidation and polymerization of unsaturated
fatty acids and was-thus related to the lipochromes (less ambiguously, the lipo-

Fia. 1. Liver, chronic-idinjathic joundice, Ferr ¢ ferricyanide: « 240, (AFIP Neg. 51-1167-30)
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- - fuscins). Bynum!? reported a case of chronic idiopathic jaundice in 1957 with

repeated melanuria. He stated that his pathologist interpreted the liver pig-
e ment to be melanin. in 1964 ‘Bernhardt** and Levrat, Brette, and Tissot**
1 again reported on chronic idiopathic jaundice with melanuria. Sonnet.
Steichen-Defalque, and Brisbois®? also reported such an entify in 1969. Weg-
mann et al.? have made careful histochemical studies. including spectro-
-photometry, and concluded that the pigmem in chrenic idiopathic jaundice is
& melanin (adrenochrome) not derived from tyrosine. We have isolated the pig-
ment from a typically affected liver. by differential eentrifugation, and ex-
amined it-by infrared spectropkotonetry and x-ray diffraztion after prolonged
lipid extraction, trypsinization. and acid hydrolysis. The results*® are in
agreement-with the -observations of Bonrer and Duncan'® in respect to the
‘infrared spectra ¢ melanins and with those of Thathachari 'md Blois™ on the
structure-of catecholzmelanins.

Electron microsegy «? '-3441 43. 32, 60,61 63. 75. 77 ‘hag failed- to demonstrate

.-

consistent -morphologic defects.to account for the deficiency:in hepatic-excre-
tion ¢f-conjugated-bilirubin as-well as other organicanions. The-electron:micro-

scopz also:fails-to-Teveal the: fundamemal nature-of-the pignient. It is- obvnous
: -that-the:latter is- dltferem from:the-usualiform-of: hepatic-lipofuscin_and:
-also.diifers:from - mélanir: identified in other sifes.’Iappears to-be confmed m
lysosomes.and may. be composed of two of more-constituefits. In individual

- ¢ 'ses in-wip.ch serial-biopsy-samples have-been_olitained, the-quantity -of pig-
‘ment remains essentially constant. Humter, Sparks. and Flinner** réport a
case of -severe hepatms in-a patient with chronic idiopathic jaundice whose
reg,enented liver cells lacked the pigment. which-later. however, reappeared. -

- The fundaimental biochemical- lesion in chranic idiopathic Jjaundice is not
- known. [t-hds been thought that, the liver is fully capahle of-conjugating bilirubin
but th.xtuthere is an ‘impaiiment in ‘its secretion by hepatic cells.. Billing.
Williams, and Rlchardq 2 however. fouiid a (Iehcnencv in hepatic uptake and
conjugation in 2 of 5-cases designated as:instances of Dubin-Johnson and Rotor
syndromes. There is delay in excretion and regurgitation -of Kromsulpha-

' Jein.'* %% 21 QOral cholecystography results in ne visualization or .only faint
visualization of the gallbladder.*® Various anions exhibit diminished secretion.
. - Cornelius and associates have reported a usefu! animal niodel for the study

of the disease in the-form of a herd of mutant sheep.’« 3- 22-26. 3. 3978 The hjsy0-
logic (Fig. 2) and chemical findings in these are almost identical with those in
. human patients-except for the eaistence of photosensitivity in the former.

CRIGLER-NAJJAR DIS£ASE

In 1952-Crigler and Najjar®® reported on a condition that they called *“con-
) genital familial ronaemolytic jaundice with kernicterus.” The 7 patients were
all infants from three consanguineous marriages. They hal marked clevation

R of unconjugated bilirubin but showed no other evidence of altered liver function

- and-no significant ‘histologic changes except for intracanalicular bile thrombi.
Al also suffered from kerpicterus. Childs.and Najjar*® roperted 2 additional
members of the kindred with elevated unconjugated bilirubin but no kernic-
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‘terus A few other cases have also-been-reported.® 3¢+ +3. +3. 74 s Hematologic
-stud 2s-have shown -no abnormalities related-to-the jaundice. an-significant
stre . ural-abnormalities have-not-been-demonstrated. Minio-Palucllo. Gautier.
and Magnenat® regarded -the enlarged intercellular-spaces they ohserved by
electron ‘microscopy in -their case as evidence of hepatic immaturity. The
-significant abnorinality in the disease is-a deficiency in glucuranyl-transferase
activity.?’ There are, in-fact. two forms of the disease: one in which there is
severe jaundice and that fails to respond to phenobarbital stimulation: the other
is mild with some glucuronyl transferase activity and a reduction in levels of
circulating unconjugated bilirubin- on-treatment with phenobarbital:** In the
fist form. death in infancy is likely. In the latter, survival to zd-lt vears is
possible. ’ -

A promising form of therapy is exposure to a-bluish white fluorescent bulb
to provide photochemical destruction-of bilirubin.**3* A mutant”Wistar rat
(Gunnj Frain has proved to be a -convenient animal counterpart? & 35 .
serving as a model for studies of hyperbilirubinemia caused by deficiency -in
glucuronyl transferase in the first form of the disease.

EPILOG

The hereditary characteristics ~f the familial diseases of bilirubin metab-
olism have not been discussed in-this paper. though muny of the references
cited give-some of the details, and some include pedigrees. Definitive studies
have not yet been made. Some reports!! 15946223 cite examples of what
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appear-to be different disorders in-the same family or of persons having features
of more than one disease. Edwards®® reported the possibility of more than ore
form of chronic idiopathic jaurdice. It is hoped that the situation will be clari-
ded in the future, with full investigation -of families. including liver biopsy,
bilirubin fractionation, studies of -red cell survival, assessment of glucuronyl
transferase activity, studies of Bromsulphalein excretion, and cholecyst: , :aphy.
I subscribe to the viewe of Price*” opposing eponymic nomenclature. I also
agree-with Dubin,®' however, who made the following statement: “I know
thet hybrids exist. but dntil I-know.the exact pdarentage of our strange hepatiz
animals 1 prefer to e mulish encugh to suspend judgment about their ancestry
and to call them by <heir original names.’
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